Background and Aim: The diagnosis of Hirschsprung's disease (HD) relies on anorectal manometry and rectal biopsy. The role of endoscopic biopsy is uncertain for the diagnosis of HD in children. In this study, we evaluated the adequacy of biopsies procured by endoscopic mucosal resection (EMR) for the diagnosis of HD. Methods: Consecutive children with suspected HD from January 2013 to January 2018 were enrolled in the study. EMR was performed using the standard band ligation device at a distance of about 3 cm from dentate line in rectum. All samples were assessed macroscopically and microscopically. An adequate sample was defined as those measuring >3 mm and including adequate submucosa. Results: A total of 132 children underwent evaluation for constipation in the study period. Of these, 10 children (median age, 4.25 years) underwent EMR using the band ligation device for the evaluation of HD. EMR was performed with and without submucosal lifting injection in four and six children, respectively. All the samples were adequate macroscopically (>3 mm). Absence of ganglion cells was noted in six children. Of these, three children underwent full-thickness rectal biopsy followed by surgery. Three children did not undergo surgery. Ganglion cells were identified in four children, thereby excluding the diagnosis of HD. Conclusion: Rectal biopsy using EMR with a band ligation device is feasible, safe, and provides adequate sample for the evaluation of HD in children.
Introduction
Hirschsprung's disease (HD) is a rare disease with an incidence of about 1.8 per 10 000 live births. 1 HD is characterized by the absence of ganglion cells in the rectosigmoid region, which may or may not extend more proximally.
The diagnosis of HD is aided by clinical history as well as a battery of tests, including barium enema, anorectal manometry, and rectal biopsy. Of these, rectal biopsy remains the gold standard for confirming the diagnosis of HD. 2 Among the various techniques used for rectal biopsy, suction biopsy is the most commonly used. However, suction biopsy may not be diagnostic in older children and adults due to increased thickness of rectal mucosa. 3, 4 Recently, endoscopic mucosal resection (EMR) has been shown to be safe and feasible for acquiring rectal biopsy specimens in adult patients. 4 EMR has not been evaluated in children with suspected HD. In this study, we analyzed the feasibility and safety of EMR in the evaluation of suspected HD in children.
Methods
The data of all children who underwent evaluation for HD from January 2013 to January 2018 were analyzed retrospectively.
Inclusion criteria were (i) age < 18 years; (ii) suspected HD with the presence of least one of the two following parameters: absence of rectoanal inhibitory reflex on anorectal manometry or radiological findings consistent with HD; and (iii) children who underwent the acquisition of rectal tissue endoscopically. Exclusion criteria were failure to give consent, coagulation disorder, children in whom biopsy specimens were obtained surgically, and absence of manometry and radiological features suggestive of HD.
Preprocedure evaluation. All children underwent a standard set of investigations prior to the procedure. These included complete hemogram, prothrombin time, partial thromboplastin time, serum calcium, thyroid-stimulating hormone, barium enema, and anorectal manometry.
Bowel preparation was performed either with weightbased PEG-3350 regimen (4 g/kg/day) or pediatric enema alone.
Equipment and accessories. The equipment used for obtaining an endoscopic biopsy included an endoscope with integrated waterjet function (outer diameter 9.9 mm) (GIF HQ 190; Olympus Corp., Tokyo, Japan), electrosurgical unit (VIO300D; ERBE, Tübingen, Germany), multiband ligator (MBL-U-4, Cook Medical), and oval polypectomy snare (SnareMaster, Olympus).
Procedure details. We have recently described the technique of band-EMR for acquiring rectal tissue specimens in a case with suspected HD. 5 In brief, the technique is as subsequently described.
The procedure was performed in left lateral position under conscious sedation supervised by a pediatric anesthetist.
First, any residual fecal matter was thoroughly washed with a water jet prior to the procedure.
An appropriate site was chosen at a distance of about 2-3 cm from anal verge along the posterior rectal wall. Subsequently, band-EMR was performed with or without prior submucosal lifting injection. The decision to inject a submucosal saline solution mixed with indigo carmine was left to the discretion of the endoscopist performing the procedure. After mounting the band ligation device on the gastroscope, suction was applied at the preselected site to suck the rectal mucosa inside the cap of band ligator device. Thereafter, the band was deployed by rotating the ligator handle clockwise until band release. The rectal tissue within the band was cut using a polypectomy snare that was positioned below the band. The resected specimen was retrieved with the same snare ( Fig. 1 ) (see Video, Supplemental Digital Content 1). All children were observed for 4-6 h after the procedure and discharged on the same day.
The dimensions of the tissue obtained were measured using a scale, and the sample was sent for histopathological examination. The adequacy of sample was determined by the pathologist according to the extent of submucosa included. Immunohistochemistry using calretinin, NSE, and bcl2 was performed in addition to routine hematoxylin and eosin staining to identify the presence or absence of ganglion cells (Fig. 2) .
In children with aganglionosis on endoscopic biopsy, fullthickness biopsy was offered prior to surgery to confirm the diagnosis. Histopathological evaluation of the resected specimen was also performed in children who underwent surgery.
Results
A total of 132 children were evaluated for chronic constipation. Of these, HD was suspected in 23 children based on findings of barium enema and anorectal manometry. Ten children (median age 4.25 years, 6 boys, range 3-15) underwent endoscopic rectal tissue acquisition using band-EMR and were included in the final analysis (Fig. 3) .
The median duration of symptoms was 3.5 years (0.5-8 years) ( Table 1) . Anorectal manometry was performed in nine children, and absence of rectoanal inhibitory reflex was documented in eight (80%).
In four children (age < 4 years), submucosal injection was given prior to band EMR. In the other six children (age 4-15 years), band-EMR was performed without the saline lifting injection ( Table 2 ). The procedure was successfully completed in all the children. There were no immediate or delayed complications like bleeding or perforation in either group. Endoclips were applied in one case at the resection site due to suspicion of deep resection. In this case band-EMR was performed without submucosal injection. None of the children required hospitalization after the procedure.
The adequacy of specimens as analyzed by the pathologist was documented in all the specimens. Adequate submucosa was obtained in both the groups, that is, with and without submucosal injection. The diagnosis of HD was established in six children with the absence of ganglion cells on histological examination.
Of these six children, three underwent full-thickness surgical biopsy for confirmation of aganglionosis prior to surgery. The histopathological evaluation of resected specimens was concordant with endoscopic and full-thickness rectal biopsy in these three cases. The remaining three children with aganglionosis on endoscopic biopsy did not undergo full-thickness biopsy and are awaiting surgery.
In four children, ganglion cells were identified on endoscopic biopsy specimen, and the diagnosis of HD could be reliably excluded (Table 2 ).
Discussion
In this study, we demonstrated that EMR using the band ligation device is safe and effective in obtaining biopsies for the evaluation of suspected HD in children. Adequate tissue samples can be obtained with this technique as judged macroscopically and microscopically. To our knowledge, this is the first study that describes the use of EMR for the diagnosis of HD in a pediatric population.
The diagnostic evaluation of HD consists of a contrast enema, anorectal manometry, and rectal biopsy. Of these, contrast enema and anorectal manometry are not confirmatory, and rectal biopsy is required to confirm the diagnosis. [6] [7] [8] [9] [10] In our study, rectoanal inhibitory reflex (RAIR) was absent in a majority of the children undergoing rectal biopsy. Of these, the diagnosis of HD could be confirmed in three children who underwent both endoscopic and surgical biopsy. Importantly, the diagnosis of HD was refuted in four children with absence of RAIR but in whom ganglion cells were identified on biopsy. Therefore, Endoscopic diagnosis of Hirschsprung's disease Z Nabi et al.
objective documentation of absence of ganglion cells is mandatory before concluding the diagnosis of HD based on anorectal manometry alone. Various techniques have been described to procure rectal biopsy. These include suction biopsy, full-thickness rectal biopsy, and biopsy with a jumbo forceps. 6 Rectal suction biopsy is the most preferred sampling technique for the diagnosis of HD. Although suction biopsy may be adequate in neonates and infants, the same may provide an insufficient sample in older children due to more fibrous submucosa. 11 On the other hand, full-thickness biopsy provides sufficient tissue for the confirmation of diagnosis. However, this technique is more invasive and requires general anesthesia and an operating theater. For the same reason, full-thickness biopsy is not usually preferred as the initial method of procuring a sample in children with suspected HD.
In the present study, we evaluated a novel minimally invasive endoscopic technique for procuring biopsies in children with suspected HD. The endoscopic procedure using a band ligation device could be successfully performed in all the children. There were no episodes of bleeding, perforation, and sepsis. In addition, all the procedures could be performed in outpatient settings. EMR using multiband ligator or cap-assisted snaring is not new and has been reported in patients with Barrett's esophagus. 12 However, band-assisted EMR for procuring rectal tissue has not been described previously. In a recent prospective study including 17 adult patients (mean age: 35.8 years), the use of EMR has been described to obtain rectal tissue. In contrast to our study, the authors used a special transparent plastic cap with a prelooped snare (Cook Ireland Ltd., Limerick, Ireland) to cut lesions that are suctioned into the cap. 4 The other important difference in our study was that we used a submucosal injection in four children. The rectal wall is thinner in young children compared to older children and adults. Therefore, submucosal injection may help in avoiding perforations and adds to the safety of the procedure. On the contrary, submucosal injection may compromise the adequacy of biopsy specimen in older children and adults. In our opinion, the technique to obtain biopsy specimens needs to be individualized according to the age of the child.
Adequate submucosa was obtained in all the 10 specimens as observed by the pathologist. We did not need to repeat the procedure in any of our children. The main issue with rectal suction biopsy is an inadequate sample in a sizeable proportion of patients. Therefore, multiple biopsies may be required. In a recent study, the sample volumes were significantly lower in the suction biopsy group compared to EMR group (0.023 cm 3 vs 0.26 cm 3 , P = 0.001). 4 In the same study, adequate submucosal tissue was absent in about half of the patients in the rectal suction biopsy group. 4 In other studies, about 10-20% of rectal suction biopsies proved to be inadequate either due to small size or insufficient inclusion of submucosa. [13] [14] [15] [16] [17] Therefore, endoscopic sampling using band-EMR can be a useful alternative to the conventional biopsy techniques.
The advantages of using EMR-band ligation are manifold: (i) the technique is easy and does not require special expertise; (ii) the band ligation device is universally available; (iii) the small size of device allows its use in children as well; (iv) multiple biopsies can be obtained in the same session if the initial sample is considered inadequate; and (v) the procedure can be performed in outpatient settings. The strengths of our study include the following: this is the first study evaluating the role of EMR for tissue acquisition in the diagnosis of HD in children. We also performed immunohistochemical staining using calretinin, bcl2, and NSE for the confirmation of diagnosis. However, certain drawbacks are noteworthy. These include a small number of patients and the lack of a control group. We included children most likely to be benefitted with rectal biopsy, that is, absence of RAIR and findings suggestive of HD on barium enema. For these reasons, the sample size was small. There were no children in the infancy age group (<1 year), and therefore, the results cannot be applied to that population. Full-thickness rectal biopsy and surgery were performed in only three of the six children with absence of ganglion cells in initial histology. However, a second rectal biopsy may not be required if the initial specimen is considered adequate by the pathologist. The documentation of ganglion cells in four children helped in ruling out HD, and no further investigations were required.
In conclusion, EMR with a band ligation device can be safely and reliably used for obtaining rectal biopsy in children with suspected HD. Large prospective and randomized trials are required to establish the results of present study. In addition, comparison of both the techniques, that is, with and without submucosal injection, is required.
